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Abstract
The point-form relativistic quantum mechanics is employed to study the photo- and electro-productions of the nucleon resonances. Both the
ratios of E1+/M1+ and S1+/M1+ of γN → Δ transition are calculated. Configuration mixing effect is simply included. The results of the point-
form relativistic quantum mechanics indicate that the relativistic effects provide a remarkable role both on the transition amplitudes and on the
two ratios E1+/M1+ and S1+/M1+ . It is found that small deformations of the nucleon and Δ resonance wave functions in D-wave can provides
more sizable ratios in the point-form relativistic quantum mechanics than in the conventional non-relativistic constituent quark model.
© 2006 Elsevier B.V.
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Open access under CC BY license. 1. Introduction
It is known that the non-relativistic constituent quark model
(NRCQM) has been employed to study low-energy hadronic
phenomena for a long time. The discussion of the photo- and
electro-production amplitudes of low-lying nucleon resonances
with this approach is one of the most interesting topics since
it closely relates to the non-perturbative QCD and it provides
detailed messages about the complex nature of the nucleon. It
is believed that the new data of nucleon structure functions in
the resonance region and of the measurement of the nucleon
resonance transition amplitudes can tell from different model
calculations. In the past, most of studies were based on conven-
tional NRCQM where the relativistic corrections both to the
electromagnetic transition operators and to the nucleon and its
resonance wave functions [1–3] were included. Since the con-
ventional long wavelength approximation in the reduction of
the electromagnetic transition operators of the NRCQM (see
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Open access under CC BY license. Ref. [2]) is not a good one if the virtuality of the photon Q2 is
large, say 0.5 GeV2, and since the heavier the resonance is, the
smaller valid range of the long wavelength approximation be-
comes, one concludes that the calculated transition amplitudes
in the NRCQM are expected to be only valid in the region of
very small Q2.
Dirac first proposed three equivalent forms of relativistic dy-
namics [4]. They are instant-form, light-front form, and point-
form (PF). We know that the instant and light-front forms are
two rather popular approaches in the past several decades, how-
ever, the point-form is less known. In fact, the point-form rela-
tivistic framework has been discussed in detail by Keister and
Polyzou [5] in 1991 and recently been carefully and systemati-
cally studied by Klink [6], and by many others [7–9]. It was also
employed in the calculations of the nucleon form factors [7], of
nucleon resonance strong decays [10], of the photo- and electro-
productions of the nucleon resonances [11], and of some other
aspects of hadron physics [12–14]. The results of the point-form
constituent quark model (PFCQM) in the literature show the
importance of the relativistic description. Particularly, when the
momentum transfer Q2 is at a moderate region of > 0.5 GeV2,
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relativistic PFCQM become evident. In the study of the proton
electromagnetic and axial-vector form factors [7], it is found
that the PF relativistic description always reduces the theoreti-
cal estimates of the NRCQM. The calculations of Ref. [7] and
of the Q2-dependences of the nucleon resonance electromag-
netic transition amplitudes in the PFCQM [11], have already
shown the advantages of the PFCQM and shown the remarkable
differences from a NRCQM calculation. So far, how well the PF
relativistic quantum mechanics in the understanding of hadron
properties is still under investigation and discussion [8,14]. This
is due to the problem of Poincaré space–time translation invari-
ance in the PF relativistic quantum mechanics.
In this work, the point-form relativistic quantum mechanics
will be employed to calculate the electromagnetic transitions
of γN → Δ, and particularly to study the ratios of E1+/M1+
and S1+/M1+ in the transition. Comparison to the results of
the NRCQM will be displayed. It is believed that the relativis-
tic effect will provide a remarkable influence on the two ratios.
We expect that the magnitudes of the estimated ratios of the
PFCQM are larger than those of the NRCQM, even if we use
the same D-wave deformations from configuration mixing in
the nucleon and the Δ(1232) resonance wave functions. In our
previous work [11], the configuration mixing effect is missing
in the calculation of Δ(1232) transition amplitudes. Thus, the
obtained ratios of E1+/M1+ and S1+/M1+ are much less than
the experimental values. It should be mentioned that the two
ratios were also studied in the three forms of the relativistic
quantum mechanics [15], where the qualitative D-wave defor-
mations of the nucleon and Δ(1232) resonance are considered.
Here, a configuration mixing effect, more realistic than the one
taken in Ref. [15], is considered.
This Letter is organized as follows. In Section 2, the point-
form relativistic quantum mechanics will be briefly discussed.
Moreover, the electromagnetic transition amplitudes of the nu-
cleon resonances will be displayed in this section. Numerical
results and discussions will be displayed in Section 3. Finally,
conclusions will be drawn in the last section.
2. Electromagnetic transition amplitudes in the point-form
relativistic quantum mechanics
Here, we briefly review the framework of the point-form
relativistic quantum mechanics. In the instant-form of the rela-
tivistic quantum mechanics, interactions are involved in P0 (the
time component of four-momentum) and in Lorentz boost op-
erators J01, J02, and J03. Therefore, the main difficulty of this
framework is the lose of the manifest Lorentz covariance by
construction because the three Lorentz boost operators contain
the interactions. In the point-form, however, all the compo-
nents of the four-momentum Pμ (μ = 0,1,2,3) are associated
with the interactions. They are the Hamiltonians of the sys-
tem. Other dynamical operators, like the angular momentum
and Lorentz boost operators, are interaction free. Thus, the ad-
vantage of the PF is that all the Lorentz transformations remain
purely kinematic and the theory is manifestly Lorentz covari-
ant. In the PF relativistic quantum mechanics, one usually usesthe Bakamjian–Thomas method (BJ) [16] by putting the in-
teractions into a mass operator Mˆ to construct the interacting
four-momentum operator Pμ. Since the BJ method and Dirac
original work respectively imply hyperplane perpendicular to
the velocity of the system [16,17] and hyperboloid surface, the
BJ method, therefore, differs from the Dirac one. This differ-
ence has been recognized by Sokolov [18] and also discussed
by Desplanques recently [19].
In the BJ method, the mass operator Mˆ can be divided into
two parts. One is the free mass operator Mˆfr without any in-
teractions and the other one is the interacting mass operator
Mˆint. The four-momentum Pμ relates to the mass operator by
Pμ = MˆVˆ μfr with the free four-velocity operator Vˆ μfr which is
not affected by the interactions [17]. According to the com-
mutation relations satisfied by the operators of the dynami-
cal system and to the fact that Pμ is a Lorentz vector, one
gets [V μfr , Mˆ] = 0 and Mˆ is a Lorentz scalar. Thus, the eigen-
states of the four-momentum operator Pμ are the eigenstates
of both the mass and the velocity operators. In the center-of-
mass frame, the wave functions of the three-quark system can
be obtained by solving a semi-relativistic Schrödinger equation
(the non-relativistic kinetic energy operator is replaced by the
semi-relativistic one including positive energy only). They are
the eigenstates of the mass operator with interactions. Since in
the PF, the Lorentz transformations remain purely kinematic, a
so-called velocity state is usually introduced [6]
|v; k1, k2, k3;μ1,μ2,μ3〉
= UB(v)|k1, k2, k3;μ1,μ2,μ3〉
(1)=
3∏
i=1
D1/2σiμi
[
RW
(
ki,B(v)
)]|p1,p2,p3;σ1, σ2, σ3〉,
where ki (i = 1–3) is the quark momentums in the center-
of-mass frame (∑i ki = 0). B(v) is a Lorentz boost with
four-velocity v. In Eq. (1) pi = B(v)ki , and UB(v) is a uni-
tary representation of B(v). D1/2(RW ) is the spin-1/2 rep-
resentation matrix of the Wigner rotation RW(ki,B(v)) =
B−1(B(v)ki)B(v)B(ki) [20]. A detailed discussion of the
transformation properties of the velocity states has been given
in Ref. [6]. It has been proved that all the Wigner rotations of
a canonical boost of the velocity state are the same. Therefore,
the spins can thus be coupled together to a total spin state as in
the non-relativistic framework as well as in the center-of-mass
frame. This is the practical advantage of using the velocity state
in the PF relativistic mechanics.
To calculate the photo- and electro-production amplitudes
of a nucleon resonance, we simply employ the PF spectator
approximation in the electromagnetic interaction (see Refs. [6–
15]). In the PF framework, the momentum transferred to the
total nucleon is different from the momentum transferred to a
struck constituent [19]. The conserved electromagnetic current
operator contains both the one-body current and the dynami-
cally determined current [21]
(2)Jμ := j1μ + jDDμ .
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spectator approximation has the usual form of a point-like Dirac
particle
(3)〈p′i , λ′i |j1μ|pi, λi〉 = ei u¯(p′i , λi)γμu(pi, λi),
where u(pi, λi) is the Dirac spinor with momentum pi and spin
λi for the ith struck quark. The matrix element of the dynami-
cally determined current is [21]
(4)〈p′, λ′i |jDDμ |p,λ〉 = −
qμ + q⊥μ
q2
qν〈p,λ′i |j1ν |p,λ〉,
where, qμ is the four-momentum of the incoming photon and
q⊥μ is a four-vector perpendicular to q and it is determined by
the requirement that no pole at q2 = 0. Clearly, the dynamically
determined current affects the longitudinal current and it does
not affect the transverse current. Moreover, the gauge invariant
constraint condition qμJμ = 0 is satisfied [21]. Here, it should
be stressed that the construction of the dynamically determined
current JDD is not unique. There are other ways to construct
JDD [22] which is different from Eq. (4).
One can directly calculate the transition amplitudes by us-
ing the same approach as in the calculation of resonance strong
decays in the PF [10]. We know that the transverse (lon-
gitudinal) transition amplitude is the matrix element of the
transverse (longitudinal) polarized photon and quark interac-
tion of HTem (HLem). In the NRCQM, the results are reference
frame-dependent. It should be stressed that the results of the
amplitudes in the fully relativistic PF description are frame-
independent. Say HTem for example, the initial and final mo-
menta Pi = MNVi and Pf := MXVf , and the initial and final
velocities Vi and Vf are chosen to be in z-direction. We have
U†(Λ)Jx(0)U(Λ) = Jx(0), where Λ is the Lorentz transforma-
tion from one frame and to another (for example the transforma-
tion from Breit frame to equal velocity reference frame [23]),
and U(Λ) is the unitary representation of the Lorentz trans-
formation Λ with U†(Λ)U(Λ) = 1. Thus, for the transverse
amplitudes, the predictions of the fully relativistic PF frame-
work are reference frame-independent. Here, the amplitude is
Aμ′,μ = ξ 〈f,μ′|HTem|i,μ〉 = −
√
2παE
ω
ξ 〈f,μ′| J · |i,μ〉
= 3ξ
∫
d3p1
(2π)3
d3p2
(2π)3
d3p3
(2π)3
d3p′1
(2π)3
d3p′2
(2π)3
d3p′3
(2π)3
× (2π)6δ3(k1 + k2 + k3)δ3(k′1 + k′2 + k′3)
× ψ∗J ′,μ′( p′ρ, p′λ;μ′1,μ′2,μ′3)
× ψ1/2,μ( pρ, pλ;μ1,μ2,μ3)
× D∗1/2
λ′3μ′3
[
RW
(
k′3,B(vout)
)]〈p′3, λ′3|(
−
√
2παE
ω
J+
)
|p3, λ3〉D1/2λ3μ3
[
RW
(
k3,B(vin)
)]
× D1/2
μ′1μ1
[
RW
(
k1,B
−1(vout)B(vin)
)]
× D1/2′
[
RW
(
k2,B
−1(vout)B(vin)
)]μ2μ2× δ3(k′1 − B−1(vout)B(vin)k1)
(5)× δ3(k′2 − B−1(vout)B(vin)k2),
where αE = 1137 ,  = − 1√2 (0,1, i,0), and J+ = −
1√
2
(Jx +
iJy). In Eq. (5) p′i = B(vout)k′i , and pi = B(vin)ki . μ and μ′ are
the projections of the angular momenta of the initial nucleon
(1/2) and its final resonance (J ′), respectively. The two wave
functions in Eq. (5) are the intrinsic wave functions of the ini-
tial nucleon and final resonance with the momentum conjugates
pρ and pλ. ξ is the sign of the pionic decay of the resonance.
Due to the symmetry of the wave functions, it is sufficient to
consider only one case where quark 3 is struck by the incoming
photon, while the other two are spectators, and to simply mul-
tiply the results by a factor of 3. The conventional transition
amplitude A1/2 or A3/2 is determined from Eq. (5) by setting
the quantum numbers of the initial nucleon (μ) and of the final
resonance (μ′) to be −1/2 and 1/2, or 1/2 and 3/2, respec-
tively.
In a similar way, one can calculate the longitudinal elec-
tromagnetic transition amplitude based on the relativistic point
form. Refs. [24–26] show the calculations of the longitudinal
amplitude S1/2 in the NRCQM with the relativistic corrections.
One can define the electromagnetic longitudinal transition am-
plitude C1/2 in terms of the matrix element of the longitudinal
electromagnetic interaction HLem [11,25]
C1/2 = ξ 〈f,μ′|HLem|i,μ〉 = ξ 〈f,μ′|
√
2παE
ω
Lν · J ν |i,μ〉
= 3ξ
∫
d3p1
(2π)3
d3p2
(2π)3
d3p3
(2π)3
d3p′1
(2π)3
d3p′2
(2π)3
d3p′3
(2π)3
× (2π)6δ3(k1 + k2 + k3)δ3(k′1 + k′2 + k′3)
× ψ∗J ′,1/2( p′ρ, p′λ;μ′1,μ′2,μ′3)
× ψ1/2,1/2( pρ, pλ;μ1,μ2,μ3)
× D∗1/2
λ′3μ′3
[
RW
(
k′3,B(vout)
)]〈p′3, λ′3|√
2παE
ω
√
Q2
q
J0|p3, λ3〉D1/2λ3μ3
[
RW
(
k3,B(vin)
)]
× D1/2
μ′1μ1
[
RW
(
k1,B
−1(vout)B(vin)
)]
× D1/2
μ′2μ2
[
RW
(
k2,B
−1(vout)B(vin)
)]
× δ3(k′1 − B−1(vout)B(vin)k1)
(6)× δ3(k′2 − B−1(vout)B(vin)k2),
where the photon three-momentum is selected to be q ‖ zˆ (with
qμ = (ω, q) and q = (0,0, q)). This definition of the longitu-
dinal transition amplitude C1/2 is consistent with that of the
transverse transition amplitude in Eq. (5). Usually, the polar-
ization vector of the longitudinal polarized photon is selected
to be Lμ = ( q√
Q2
,0,0, ω√
Q2
), so that the constraint condi-
tion qμLμ = 0 is satisfied [24–26]. For the longitudinal pho-
ton quark vertex, the electromagnetic interaction is, therefore,
HLem = L0 J 0 − L3 J 3. The gauge invariant condition qμJμ = 0
gives that 〈f |HLem|i〉 =
√
Q2 〈f |J0|i〉. Clearly, the longitudinalq
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√
Q2,
and it vanishes in the real photon limit Q2 = 0. The interaction
HLem is a Lorentz scalar. Thus, the results of the longitudinal
transition amplitude C1/2 (Eq. (6)) in the fully relativistic point-
form are frame-independent too. It should be mentioned that the
conventional longitudinal transition amplitude S1/2, defined in
Refs. [24–26], is
(7)S1/2 = ξ 〈f,μ′|
√
2παE
ω
J0|i,μ〉.
It is not a Lorentz invariant amplitude. The two definitions of
the longitudinal transition amplitudes in Eqs. (6) and (7) are
different by a factor of
√
Q2
q
.
We know that the dynamically determined current (see
Eq. (4)) does influence the longitudinal current in the point
form because the four momenta of the system are Hamilto-
nians. In addition, we noted that the data for the transition
amplitudes in Particle Data Group (PDG) [27] are ANλ (X) ·
AX→πN/|AX→πN |. The sign AX→πN/|AX→πN | of the cou-
pling AX→πN is involved in those amplitudes since one cannot
determine it in elastic Nπ scattering [28,29]. Therefore, the
phases ξ have to be individually calculated in each model to
avoid any confusion in comparing the model calculations with
the data, especially in the critical cases as for the Roper reso-
nance [28,29]. This means that in a theoretical calculation, both
the electromagnetic and pion couplings to the nucleon have to
be calculated simultaneously. Ignorance of the pion coupling
part might lead to incorrect results for the sign of the transition
amplitudes.
3. The electromagnetic transition amplitudes and
the E1+/M1+ and S1+/M1+ ratios in γN → Δ(1232)
In our numerical calculations, the conventional harmonic os-
cillator wave functions are simply employed for the nucleon
and the Δ(1232) resonance. The two parameters in the cal-
culations are selected to be 0.16 GeV2 for harmonic oscilla-
tor constant α, and mq = MN/3 for the u and d constituent
quark masses. Thus, the frequency of the harmonic oscilla-
tor is about 500 MeV which is required by the mass spectra
of the nucleon resonances in some calculations of the NR-
CQM [30,31], where the mass gap between the nucleon and
its first orbital excitations S11(1535) and D13(1520) are deter-
mined by the confining potential. Several experimental groups
are now analyzing the exact values for the ratios of E1+/M1+
and S1+/M1+ at Q2 = 0. The result of E1+/M1+ from Mainz
group is (−2.5 ± 0.2 ± 0.2)% [32]. Other independent analy-
ses of the ratio are (−3.19 ± 0.24)% from RPI group [33] and
(−3.0 ± 0.3 ± 0.2)% from LEGS [34], respectively. So far, the
extraction of the resonance contributions to the ratios from the
experimental data is not easily performed and is still a matter
of debate. However, all the present analyses agree with a large
value for the ratio |E1+/M1+| > 2%. Recently JLAB shows
the Q2-dependence of the two ratios [35,36]. It is interesting
to mention that perturbative QCD constrains the two ratios to
be E1+/M1+ = 1 and S1+/M1+ = const when Q2 is large inthe perturbative QCD region. These constrains tie to real photo-
production data and to un-separated resonance response func-
tions [37]. The two ratios have also been carefully analyzed by
many work in isobar model (see for example Ref. [38]) and
by the constituent quark models [39]. In Ref. [36], it is found
that none of the soft approaches of the constituent quark models
gives a satisfactory description of the data.
To proceed with a practical calculation, we know that the two
ratios E1+/M1+ and S1+/M1+ relate to the well-known transi-
tion amplitudes. Here, the amplitudes are
E1+ = − 12√3 (
√
3A1/2 − A3/2),
M1+ = − 12√3 (3A3/2 +
√
3A1/2),
(8)S1+ = −12S1/2.
When the configuration mixing is not considered in the NR-
CQM, we have A3/2 =
√
3A1/2 and S1/2 = 0 and moreover, the
ratios of E1+/M1+ and S1+/M1+ vanish for the Δ(1232) reso-
nance. Our previous work shows [11] that although the PFCQM
provides non-vanishing results for the two ratios due to the rel-
ativistic effect, the obtained values are about two orders smaller
in the magnitude than the experimental data. To improve the
model calculation, we notice that the D-wave deformations in
the nucleon and the Δ(1232) resonance wave functions can
provide an important contribution to the two ratios. When the
configuration mixing effect is included, the explicit forms of the
wave functions become [3,30]
|Δ〉 = bS
∣∣Δ4S3/2〉S + bS′
∣∣Δ4S′3/2〉S
(9)+ bD
∣∣Δ4D3/2〉S + bD′
∣∣Δ2D′3/2〉M ′
for the Δ(1232) resonance, and
|N〉 = aS
∣∣N2S1/2〉S + aS′
∣∣N2S′1/2〉S
(10)+ aS′′
∣∣N2S1/2〉M + aD
∣∣N4D1/2〉M ′
for nucleon. In Eqs. (9), (10) aS , aS′ , aS′′ , aD , bs , bs′ , bD , and
bD′ are the configuration mixing coefficients.
In Figs. 1, 2, the calculated transition amplitudes of the
Δ(1232) resonance in the PFCQM with the configuration mix-
ing effect are plotted compared with the data and the results
of the NRCQM in the Breit frame. In the figures, the con-
figuration mixing coefficients are simply borrowed from the
results of Isgur, Karl and Koniuk [30] and of Capstick [3].
Here, we stress that the coefficients of the D-wave admixture
are bD = −0.1094, bD′ = 0.0740 for the Δ(1232) resonance
and aD = −0.0494 for the nucleon. It is argued, in the liter-
ature, that the small values for the D-wave probabilities (less
than 2% and 0.3% in Δ and nucleon, respectively) limit the two
ratios in the NRCQM [41]. The data in Figs. 1, 2 are from the
compilation of Refs. [38,40]. Figs. 1, 2 show that the results of
the present PFCQM and of the NRCQM are remarkably differ-
ent when Q2 larger than 0.5 GeV2. The larger Q2 is, the more
obvious discrepancy between the two frameworks will appear.
Since the amplitudes A1/2,3/2 are multiplied by Q3 in Figs. 1, 2,
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and dotted-dashed curves are the results of PFCQM and of NRCQM, respec-
tively. The data are from the compilation of Refs. [38,40].
Fig. 2. Q3A1/2(×10−3 GeV2/5) of the γN → Δ(1232) transition. Notations
as in Fig. 1.
the difference between the two frameworks are amplified when
Q2 > 1 GeV2. Our calculation shows that the point-form rel-
ativistic framework is better than the NRCQM and it can well
describe the experimental measurement in the region of Q2 less
than 1.5 GeV2.
Furthermore, we can calculate the ratios of E1+/M1+ and
S1+/M1+ . Figs. 3, 4 show the calculated results for the two
ratios in the PFCQM comparing with the data from the com-
pilation of Ref. [36], and the values of the NRCQM in the Breit
frame. Figs. 3, 4 show that the magnitudes of the ratios of the
PFCQM are remarkably larger than the values of the NRCQM.
One reason is due to the fact the magnitudes of transition am-
plitudes A1/2,3/2 estimated in the PFCQM decrease with Q2
faster than those of the NRCQM as seen in Figs. 1, 2. The
large differences between the two frameworks indicate the im-
portant role of the relativistic effect on the Q2-dependences ofFig. 3. Ratio of E1+/M1+ of the γN → Δ(1232) transition. The solid and
dotted-dashed curves are the results of PFCQM and of NRCQM, respectively.
The data are from the compilation of Ref. [26].
Fig. 4. Ratio of S1+/M1+ of the γN → Δ(1232) transition. Notations as in
Fig. 3.
the two ratios. In the real photon limit, the magnitude of the ra-
tio E1+/M1+ in the PFCQM is about 50% larger than that of
the NRCQM, whereas the value of S1+/M1+ in the PFCQM is
about three times larger than the one of the NRCQM because
of the significant contribution of the dynamically determined
current. These features are favored by the experimental mea-
surement. We also find that the Q2-dependence of S1+/M1+ in
the PFCQM is improved comparing with the NRCQM. There-
fore, the results in Figs. 3, 4 imply that the relativistic PFCQM
are more favored by the data than those of NRCQM due to the
sizable relativistic effect on the ratios E1+/M1+ and S1+/M1+ .
Our results in Figs. 3, 4 illustrate that S1+/M1+ of the PFCQM
becomes almost Q2-independent when Q2 is larger than about
0.8 GeV2, and E1+/M1+ decrease continuously.
In Ref. [15], power-law wave functions of the nucleon and
Δ are employed. The wave functions with the qualitative con-
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(11)|Δ〉 = b′S
∣∣Δ4S3/2〉S + b′D
∣∣Δ4D3/2〉S,
for the Δ(1232) resonance and
(12)|N〉 = a′S
∣∣N2S1/2〉S + a′D∣∣N4D1/2〉M ′
for the nucleon with b′D and a′D being ±0.2, respectively. In
that work, N–Δ transitions are studied in a schematic Poincaré
covariant quark model in the three forms of the relativistic kine-
matics. Comparing our present calculation to the results of Ref.
[15] in the point-form, one sees that our predicted values for
the ratio E1+/M1+ are qualitatively similar to the two cases
of (a′D,b′D) = (−0.2,0) and (0,−0.2) in Ref. [15]. However,
the differences appear in the ratio S1+/M1+ , since the posi-
tive values were obtained in all cases of the deformations (see
Ref. [15]). This is mainly because we consider the dynamically
determined current Eq. (4) which affects the results of the am-
plitudes S1+ .
4. Conclusions
In this work, we use the point-form relativistic quantum
mechanics to study the γN → Δ(1232) transition amplitudes,
and particularly, the ratios of E1+/M1+ and S1+/M1+ . The BJ
method to implement the PF framework is employed. As has
been stressed by Ref. [19], this BJ method implies that the
physics is described on a hyperplane [17]. It differs from the
original Dirac one in which the physics is defined on a hy-
perboloid surface. In our calculation, a realistic configuration
mixing effect is taken into account. Moreover, we consider the
dynamical determined current JDD which affects the longitu-
dinal current. Our results show that the relativistic framework
can enlarge the magnitudes of the ratios of the NRCQM evi-
dently and show the importance of the relativistic effect. Since
the values of M1+ and E1+ are frame-independent in the point-
form relativistic quantum mechanics, our results for the ratio
E1+/M1+ is frame-independent too. Here, we simply use the
results of Refs. [3,30] for the configuration mixing. Our esti-
mated values for the two ratios E1+/M1+ and S1+/M1+ imply
that although the D-wave deformations of the Δ(1232) and
nucleon wave functions are small (less than 2% and 0.3%),
the ratio E1+/M1+ (about −0.5%) in the PFCQM at the real
photon limit is manifestly larger than the results of NRCQM
(−0.3%). However, the two values are still much less than the
measurement. It indicates that the present relativistic PFCQM
still cannot reproduce the data well even though an obvious im-
provement has been obtained. This conclusion is not surprising,
because it is expected that the inconsistencies of the two ratios
remains in the three constituent quark model as pointed by Refs.
[36,41]. Here, our calculations show the sizable differences be-
tween the point-form relativistic frame work and the NRCQM.
The differences also illustrate that the transition amplitudes in
the PFCQM are better than those in the NRCQM.
One way to remedy the inconsistency of the two ratios of
E1+/M1+ and S1+/M1+ in the real photon point is to take the
meson cloud effect into account. In fact, the pion cloud effect
is believed to be one major source for the two ratios [32,42].Here, only the contribution of the three-quark core is taken
into account. The harmonic oscillator constant α = 0.16 GeV2
implies that the size of the three-quark core is small (about
0.5 fm). In this work, we simply use the harmonic oscillator-
type wave functions for the nucleon and Δ(1232) resonance
(see Ref. [30]). This treatment has its own disadvantage [43].
Furthermore, we only use the simple three-dimensional har-
monic oscillator wave functions. It is argued and expected that
the wave functions of four-dimensional fully relativistic har-
monic oscillator [44] or of the realistic hyper-central potential
model [45,46] can provide more reliable results in the relativis-
tic calculation. Much better results for the transition amplitudes
and for the two ratios E1+/M1+ and S1+/M1+ are expected if
other physical ingredients, like the realistic wave functions and
meson cloud effect, are consistently included.
Finally, the applicability of the point-form relativistic de-
scription to meson (like pion meson) properties is still a matter
of debate [14,47]. It appears that the radius of the bound state
wave function is an important parameter distinguishing the rela-
tivistic effect. In the calculation of pion meson electromagnetic
form factors [14], one finds that space–time translation invari-
ance is seriously broken. It means the momentum transferred
to the total nucleon is different from the momentum transferred
to a struck constituent. For the nucleon case, we calculate the
relation
(13)−C(Q2)〈Δ|Q2J+(x)|N〉 = 〈Δ|(p3 − p′3)2J+(x)|N〉
and find that the factor C(Q2) is about 3–5 when Q2 > 0. It
should be mentioned that the space–time translation invariance
is violated by a large factor (>30) in the PF calculation of the
pion meson electromagnetic form factors. Thus, it is believed
that the present PF calculation of the form factors of the nu-
cleon and its excitations is more reliable than that of the pion
meson. In addition, a new study of the N–Δ transition based
on the PFCQM defined on a hyperboloid surface [19] is also of
interest.
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